Introduction
There is a need for alternative energy sources to petroleum-based fuels due to the depletion of the world's petroleum reserves, global warming and environmental concerns. Biodiesel is a clean and renewable fuel which is considered to be the best substitution for diesel fuel (Singh & Singh, 2010) . Soybean oil is one of the major feedstocks for biodiesel production. According to United States Department of Agriculture (USDA), the U.S. was the largest producer of soybean oil in the world in 2006/2007. The U.S. was followed by Argentina, China, Brazil and India in soybean oil production. The U.S. produced 34.5 % of total soybean oil in the world (United States Department of Agriculture, 2008) . This amount of oil is a promising source for biodiesel production from a natural and environmentally friendly agricultural product (Patil & Deng, 2009) . Although Food and Agriculture Organization of the United Nation (FAO) stated many environmental problems associated with large scale production of soybeans and maize (FAO, 2009) , Life Cycle Assessment (LCA) studies indicated that cultivation of soybeans has less negative impacts on environment than some other oil seeds like sunflower and rapeseed (Sanz Requena et al., 2010) . In addition to biodiesel production, soybeans can be used to produce ethanol. Soybean hulls contain significant amount of carbohydrate for ethanol production and producers prefer to use soybean hulls for animal feeding because of its high protein content (Mielenz et al., 2009) . Although, biodiesel is usually used as a blend with petro-diesel at varying ratios, it can also be used to fuel compression ignition engines alone. The results of engine emission tests showed that use of biodiesel alone produced less emissions of CO, HC, NOx and smoke than petro-diesel (Qi et al., 2009) . Conventional biodiesel production from soybeans uses separate processes for oil extraction and biodiesel conversion. Oil extraction from soybeans is accomplished by using mechanical presses, solvent extraction, supercritical fluid extraction and microwave-and ultrasound-assisted solvent extractions. The extracted oil is degummed and converted to biodiesel via transesterification. Transesterification is a chemical reaction process during which the oil is combined with alcohol, usually ethanol or methanol, in the presence of a catalyst to form fatty esters and glycerol. Reducing biodiesel production costs from $ 3.11 per gallon to below the petro-diesel cost of $3.0 per gallon is important to make biodiesel competitive in the diesel fuel market (Kargbo, 2010) . The objective of this chapter is to provide a literature review on oil extraction and biodiesel production from soybeans and to discuss the uses of high intensity ultrasound in processing www.intechopen.com
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of soybeans for biodiesel production. Three examples of ultrasound applications in soybean processing for biodiesel production will be discussed. The first example will investigate the effects of solvent amount, oil extraction time and ultrasonication on soybean oil yield. The second example will examine the ultrasound-assisted transesterification of soybean oil for biodiesel production. The third application will investigate the feasibility of integrating soybean oil extraction and biodiesel production processes using ultrasound-assisted in-situ transesterification.
Literature review
Extracting oil from soybeans requires pretreatment of the grains. Pretreatment includes operations of cleaning and drying, dehulling and grinding (Fig. 1) . Use of mechanical presses, solvent extraction, supercritical fluid extraction and microwave-and ultrasoundassisted oil extraction are the major processes practiced for oil extraction from soybeans.
Mechanical Extraction
Mechanical pressing of oil seeds is one of the most common methods of oil extraction in the world. However, single screw mechanical presses leave about 8-14% of the available oil in the oil seeds (Singh & Bargale, 2000) . In mechanical extraction, effects of enzymes are neutralized by heating (Gerpen et al., 2002 ). An efficient way of providing heat for enzyme neutralization is using an extruder. Extruders provide enough pressure and temperature on seeds to deactivate enzymes (Gerpen et al., 2002) . Jung and Mahfuz (2009) used a dry extruder with high temperature for extraction of oil and protein. They found that increased extruder pressure increased the protein solubility in soybean oil. 
Solvent Extraction
Hexane is extensively used for oil extraction from soybeans and other oilseeds because of its low vaporization temperature, high stability, low corrosiveness and low greasy residual effects (Seth et al., 2007) . Johnson and Lucas (1983) proposed to use other non-petroleum www.intechopen.com Soybeans Processing for Biodiesel Production 21 materials instead of hexane as a solvent. They mentioned a set of problems with hexane such as the price which is dependent on fossil fuels market and its negative environmental effects (Gandhi et al., 2003) . Russin et al. (2010) stated that more than 70 different solvents could be used for oil extraction from soybeans. However, the focus in many of the recent studies were mainly on using various alcohols on oil extraction (Russin et al., 2010) . Seth et al. (2007) showed that the use of isopropyl alcohol caused higher extraction rates and oil recovery than hexane (Seth et al., 2007) . Lou et al. (2010) compared Chilean chickpea oils extracted with hexane, isopropanol and a mixture of hexane and isopropanol in a ratio of 3:2. Mixture of hexane and isopropanol showed higher extraction rates than hexane and isopropanol alone.
Supercritical Fluid Extraction
Supercritical carbon dioxide utilized as a relatively new technique to extract oil and isoflavones from soybeans (Mendes et al., 2002) . Zaidul et al. (2007) used supercritical carbon dioxide (SC-CO 2 ) for extraction of oil from palm kernel (Zaidul et al., 2007) . Salgin (2007) used supercritical CO 2 and supercritical ethanol mixture for oil extraction from jojoba oilseeds. Their results showed an improvement on oil extraction rate. Temperature and pressure had the main effects on supercritical fluid extraction (SalgIn, 2007) . Kao et al. (2008) compared solvent extraction with supercritical carbon dioxide extraction and reported that supercritical carbon dioxide extraction provided higher oil yields than solvent extraction (Kao et al., 2008) . Luthria et al. (2007) compared several techniques for oil extraction from soybeans. They obtained 93.3% oil yield with ultrasonication technique, which was the highest amount in comparison with other methods (Luthria et al., 2007) . The ultrasound and microwave techniques used separately and in combination by Cravotto et al. (2008) for extracting oil from soybeans and micro-algae. Ultrasound/microwave extraction techniques reduced the extraction time and solvent amounts and produced higher extraction efficiency with less environmental impact than conventional (Soxhlet) extraction (Cravotto et al., 2008) . Zhang et al. (2008) used both ultrasonic and conventional methods for oil extraction from flaxseed and stated that ultrasound is more efficient than the conventional method for oil extraction from flaxseed (Zhang et al., 2008) . Ultrasonication method used to extract oil from Chilean chickpea by Lou et al. (2010) . They indicated that use of ultrasound increased the speed of extraction and the final product quantity (Lou et al., 2010) . Uquiche et al. (2008) investigated the oil extraction and oil quality from Chilean hazelnut. They used microwave technique in pretreatment step and followed by mechanical pressing. Their result showed that microwave application improved both the oil quality and quantity (Uquiche et al., 2008) . Enzymatic hydrolysis was another method, which was proposed by Kashyap et al. (2009) to increase oil extraction from soybeans. This method was applied after pretreatment and the results showed that enzymatic hydrolysis had significant effects on oil extraction from soybean flakes (Kashyap et al., 2007) . Terigar et al. (2010) compared microwaves-assisted solvent extraction with conventional solvent process on extraction of isoflavones from soybeans. They reported that oil and isoflavones yields increased by www.intechopen.com
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continuous microwave system in comparison with solvent extraction method (Terigar et al., 2010) .
Refining Oil
Degumming is the first step in the oil refining processes and the goal is to remove the phospholipids present in the oil by adding hydrating agents. Water and acid degumming are two main methods which were applied by the oil industries (Ribeiro et al., 2008) . Pagliero et al. (2007) used membrane separation as an alternative process for oil degumming. They mentioned that membrane separation is a potential process compared to conventional degumming processes (Pagliero et al., 2007) .
Biodiesel production
Transesterification method
Transesterification is a common method for biodiesel production from vegetable oils and animal fats and usually preferred instead of direct esterification (Abreu et al., 2003) . In transesterification or alcoholysis, fats or oils react with alcohol in presence of a catalyst to form alky esters and glycerol (Meher et al., 2006) . The transesterification process reduce the viscosity of oils which is higher than petro-diesel (Stavarache et al., 2005) . Selecting a suitable alcohol and catalyst is important for transesterification method. Various alcohols such as methanol, butanol, ethanol, propanol and amyl alcohol can be used for transesterification. Methanol is used widely because it is relatively cheaper than other alcohols and has chemical and physical advantages over other alcohols (Ma & Hanna, 1999) . In theory 3 moles of alcohols are required to neutralize 1 mole of triglyceride to produce 3 moles of fatty acid methyl ester (FAME) and 1 mole of glycerin (Leung et al., 2010) . A good catalyst is also needed to obtain a reasonable rate for transesterification of triglycerides and its conversion to biodiesel (Lotero et al., 2005) . Acid and alkaline catalysts can be used in the form of homogeneous or heterogeneous catalysts for transesterification process (Pereira et al., 2007) . Research and industry prefer alkali catalysts, such as NaOH and KOH because alkali catalysts react faster and are less corrosive than acidic compounds (Pinto et al., 2005) . High water and free fatty acid in oil reduce the effectiveness of catalysts, produce soap and require considerable amounts of catalysts. Free fatty acids (FFAs) and water in oil needs to be removed before applying base catalysis process. Marchetti et al. (2008) used acid catalyst which eliminated the above-mentioned problems. They stated that acid catalysts act better than base catalysts, because acid catalysts are able to convert higher percentage of free fatty acids (FFAs) to triglyceride. The first choice for acid catalysts is sulfuric acid which was used by several researchers (Marchetti & Errazu, 2008) . In addition to the acid and base catalysts, enzyme catalysts are also considered for biodiesel production. The enzyme catalysts are gaining more interest in recent years because they don't constitute soap and their process is simple to complete. Enzymatic catalysts are currently not feasible for commercial productions since they have higher cost and need longer reaction time (Leung et al., 2010) .
Ultrasound-assisted transesterification
Ultrasound technology was employed in various stages of biodiesel production. Stavarache et al. (2005) used low frequency ultrasound energy for biodiesel production and compared the results with conventional biodiesel production processes. They used three different types of alcohols and NaOH as a catalyst. They showed that ultrasonication had a positive effect on transesterification process and reduced the process time and saved energy in the biodiesel production (Stavarache et al., 2005) . Santos et al. (2009) studied the effect of ultrasonication during the process of biodiesel production from soybean oil. They used methanol and KOH as a catalyst. They showed the positive effect of ultrasound on biodiesel yield enhancement (Santos et al., 2009 ). Cintas et al. (2010) used high power ultrasound in a continuous system for biodiesel production from soybeans. They used ultrasound after heating the oil and premixing with a mechanical stirrer. Their results showed considerable improvement on saving time and energy (Cintas et al., 2010) . Koc and McKenzie (2010) studied the effect of ultrasonication on glycerol separation during transesterification of soybean oil and optimized this process using response surfaces methodology (Koc & McKenzie, 2010) . Yu et al. (2010) also mentioned that ultrasonication improved biodiesel production. They used ultrasound waves to produced biodiesel from soybean oil (Yu et al., 2010) . Li et al. (2004) studied the effect of ultrasound duration on oil extraction from soybeans and compared the results with conventional extraction method. The results showed a considerable improvement on both quantity and quality of the final product. Their result showed that ultrasound was able to reduce the amount of free fatty acids (Li et al., 2004) . Chand et al. (2010) compared the biodiesel production of soybean oil by mechanical stirring and ultrasonication. They showed that, required time for biodiesel production reduced by the use of ultrasonication (Chand et al., 2010) .
In-situ Transesterification method
In-situ transesterification is one of the methods which have some advantages over direct transesterification. Compared to conventional transesterification, in-situ transesterification is faster and both oil extraction and biodiesel conversion take place in a single step. In this method, oil containing materials contact with acid or alkali alcohol directly (Fukuda et al., 2001) . In-situ transesterification eliminates the costly hexane extraction process and reduces the long production system associated with pre-extracted oil and finally maximizes alkyl ester yield (Verziu et al., 2009) . In-situ transesterification could be improved by increasing the alcohol volume and process temperature (Ehimen et al., 2010) . Georgogianni et al. (2008) used in-situ transesterification with alkali catalyst and methanol and compared it to conventional transesterification. Their results indicated that the process was faster and completed in about 20 minutes (Georgogianni et al., 2008) . Similar results for the same method and materials were reported by Siatis et al. (2006) . Harrington and D'Arcy-Evans (1985) and Kildiran et al. (1996) tested in-situ transesterification with acid catalysts and methanol. Their results showed increase in total oil production. Quian et al. (2008) investigated the quality of biodiesel production from cotton seeds by in-situ transesterification in presence of a base catalyst. They showed that molar ratio of alcohol to cottonseed oil is important for biodiesel production (Qian et al., 2008) . Similar results were reported by Santos et al. (2009) . The highest biodiesel yield was accomplished when 9:1 alcohol to oil ratio was used (Santos et al., 2009 ). In a recent study, Shiu et al. (2010) used two-step in-situ transesterification with acid catalyst treatment followed by a base catalyst to produce biodiesel from rice bran. They successfully produced high amount of biodiesel in two-step in-situ transesterification in comparison to one step in-situ transesterification (Shiu et al., 2010) .
Materials and methods
Response surfaces methodology was used to design a set of experiments to determine the effects of ultrasonication on oil extraction from soybeans. Ultrasound effect on soybean oil transesterification and in-situ transesterification were also investigated.
Materials
Soybeans (Glycine max L.5N416) was obtained from University of Missouri, Bradford Research and Extension Center (Columbia, MO). Analytical grade hexane was purchased from Chemstore (Columbia, MO) and used as a solvent. An electric grinder (Black and Decker®, Burr Mill CBM210, U.S.A.) was used at its fine grind setting to grind the dried soybeans. The particle size distribution of the ground seeds was determined by using a sieve analyzer (Sieve Tester SS-15, GILSON, INC, U.S.A.). An electric oven (Fisher scientific Isotemp® Model 630 F) was used to measure the moisture content. The high intensity ultrasound system used for this study was a 1000 W ultrasound processor with frequency of 20 kHz (UIP 1000, Hielscher, Germany).
Methods
Eight pounds of soybeans were soaked in warm water and dehulled manually. The dehulled soybeans were oven-dried for 24 hours and the moisture content was determined. The dried soybeans were ground and particle size distribution was determined by using a sieve analyzer. The total oil content of soybeans was determined by Soxhlet extraction. Ten grams of ground seeds placed in an extraction thimble and 150 ml hexane was refluxed using a Soxhlet extractor. The temperature of the hexane was maintained at 70 ˚C and the extraction continued for 10 hours. The total oil content was determined by calculating the difference between the dry weight of the ground seeds before and after Soxhlet extraction.
Design of experiments and statistical analysis
The response surfaces methodology consists of a group of empirical techniques devoted to the evaluation of relationships existing between a cluster of controlled experiment factors and measured responses according to one or more selected criteria (Fereidouni et al., 2009) . ECHIP experimental design software (Wilmington, DE) was used to design the experiments and analyze the results of oil extraction stage. To design the experiments, three different factors of particle size, solvent amount and ultrasonication power were selected. The design composed of 19 experimental trials with 5 replications. Five replicate runs were performed to allow the estimation of pure error. All experiments were carried out in a random order to minimize the effect of unexplained variability in the observed responses due to irrelevant factors (Sin et al., 2006) . Table 2 . shows the independent variables and their levels used in the experimental design. The statistical analyses of direct biodiesel production and in-situ transesterification stages were carried out by measuring the standard deviation for all the results and replicating the trials twice. 
Environmental Scanning Electron Microscope (ESEM) Images
The surface images of soybeans after grinding, before and after oil extraction with ultrasound and direct solvent extraction were captured using environmental scanning electron microscopy (ESEM, FEI Quanta 600 FE SEM, FEI Company, OR, USA).
Yield measurement
Hexane-oil mixtures were collected after ultrasonication. The samples were centrifuged at 1000 rpm for 20 min to separate the fine solid particles that may still be present in the sample. After centrifugation, 1 ml of supernatant was collected from the sample and weighed using a precision scale. Hexane was evaporated by placing the samples in an oven at 105 °C for 2 hours. The initial and final weight of the samples were measured and recorded. The oil yield (Y) was determined by using the following formula (Equation 1).
Where w e is the weight of the extracted oil (g) and w t is the weight of the total oil in each sample (g). The total oil content (w t ) of the soybeans was determined by using the Soxhlet extraction.
Conventional biodiesel production
Refined soybean oil was purchased from a local store. In the first step, the amount of required KOH was determined by titration. The titration amount for this study was determined to be 5.18 g KOH/liter oil. KOH (>92% purity) in the amount of 0.259 g was dissolved in 50 ml of methanol (>95% purity) and the mixture was heated to 50 ºC before mixing it with the oil. The methanol-KOH solution was added to soybean oil at 50 ºC with a volumetric ratio of 1:5. The mixture was blended by using ultrasound at a power level of 70% or using a mixer at 700 rpm for 5 minutes. The reaction components left to settle for 24 h at room temperature to separate glycerin from crude biodiesel. After settling, washing phase was carried out by adding 30 % (v/v) of warm water at 50 ºC to the crude biodiesel and stirring for 5 min. The water-crude biodiesel mixture was left to settle for 24 h to separate soap layer from biodiesel phase. Washing process was repeated for three times to make sure that all the soap was removed from biodiesel. The washed biodiesel was then placed in an oven at 70 ºC for 6 h to evaporate any water that might be present during washing.
Biodiesel production with ultrasound-assisted in-situ transesterification
The in-situ transesterification procedure was carried out using 30 g of dried soybeans (4.5%wb) for each trial. Fine grinding was applied to soybeans to get an average particle size of 0.25 mm. The reaction was conducted by using methanol (>95% purity) to oil molar ratio of 6:1. The amount of KOH was determined by titration and 0.03 g of solid KOH (92% purity) was dissolved in methanol. Three levels of methanol to oil volumetric ratios (15:1, 20:1 and 25:1) were used in the experimental design. The KOH-methanol mixture was added to ground soybeans and ultrasonication power was applied at two levels (70 and 90%) for 30 min. After ultrasonication, the mixture was left to settle for 2 h and the liquid phase (methanol with crude FAME) was separated and centrifuged at 1000 rpm for 10 min. The spent soybean flakes were washed by using methanol at 2:1 v/w ratio. The mixture of methanol and soybean flakes was left to settle for 2 h. The liquid phase was separated from the solids and centrifuged at 1000 rpm for 10 min to remove the solids. Hexane was used to separate the fatty acid methyl ester from the excess methanol which was used for washing.
Hexane was used at a volumetric ratio of 1:1. Water was added to the mixture at volumetric ratio of 3:1. The mixture was heated to 50 ºC while stirring for 20 min. Next, the mixture was left to settle at room temperature for 24 h. The upper phase (hexane and biodiesel) was separated from methanol and washed with water at the same volumetric ratio to neutralize crude biodiesel. Sodium sulfate was used to dry water in FAME phase. Finally, hexane was evaporated at 70 ºC for 6 h, and the FAME content was analyzed by GC. The spent soybean flakes were dried for 24 h at 104 ºC and Soxhlet oil extraction process was used for 8 h by refluxing 120 ml of hexane through the spent soybean flakes to determine the amount of oil left in soybean flakes.
Properties of soybean oil biodiesel
The properties of biodiesel were analyzed at MFA Oil Laboratory (Columbia, Missouri). The measured properties included cloud point, flash point, sulfur content, water content, distillation, acid number, density and viscosity. A Varian 3400 equipped with Varian 8200 auto sampler and a FID detector was used to determine the fatty acid composition of the crude biodiesel. A 30 m x 0.25 mm DB-WAXeter fused silica column (Agilent Technologies) was used for the measurement. Oil samples were quantitatively weighed in a volumetric flask to prepare a solution of approximately 5-6 mg of hexane. A known aliquot containing approximately 4-5 mg of sample was pipetted to a reaction vial. One milliliter of internal standard (C17:0 methyl ester) was added to hexane and mixed well. The hexane was then evaporated to dryness using a stream of nitrogen. Two ml of BF3/Methanol reagent (Supelco) was added, mixed and the reaction vial was capped tightly. The reaction mixture was heated to 100˚C and maintained at that temperature for 30 min with occasional shaking. Then, the mixture was cooled and 1 ml of deionized water was added. The methyl esters of fatty acids were extracted with 2 ml of hexane. The extract was dried with anhydrous sodium sulfate and 3 ml of extract was injected into Gas Chromatograph. Quantitative analysis was carried out using standard fatty acid methyl esters and C17:0 (Methyl ester) as internal standard. The results of the analysis were represented in terms of the percentage of fatty acid in the oil samples. Helium, at a rate of 1 ml/min, was used as a carrier gas, the injector temperature was set at 250 ˚C and the column temperature was programmed to increase the temperature starting from 170˚C at a rate of 1 ˚C/min.
Results and discussions
Results of ultrasound-assisted oil extraction from soybeans
The fitting of the model was investigated by analyzing the coefficients of variables and the corresponding coefficient of determination values (R 2 ) ( Table 2) . Coefficient of determination is defined as the ratio of the explained variation to the total variation and is a measure of the degree of fit (Nur 'Aliaa et al., 2010) . It is also the proportion of the variability in the response variables, which is accounted by the regression analysis. When R 2 approaches unity, the empirical model fits the actual data better (Sin et al., 2006) . Joglekar and May (1987) stated that R 2 should be at least 0.80 for a good fit of a model. The R 2 value for the response variable was higher than 0.80 indicating that the regression models explained the control choices which had significant effects on reaction performance. The probability (p) value of regression model was greater than 0.001 which showed no lack-of-fit. Table 2 . Coefficients for response of oil yield (%) depending on the control variables (X 0 : constant, X 1 : ultrasound power, X 2 : average particle size, X 3 : hexane amount).
Effect of hexane, ultrasonication and particle size on yield
ANOVA results (Table 3) shows the mean of squares, degree of freedom and P-value for the final response (Oil yield). Table 3 . ANOVA for independent variables and their interactions.
According to ANOVA results, p-value is significant for particle size, hexane, power vs. particle size and power vs. hexane. But p-value is not significant for power and particle size vs. hexane. The results showed that the effect of particle size and hexane volume were highly significant on oil extraction, while ultrasound power did not show any significant effect. It was observed that the oil yield increased as the particle size was decreased. Qian et al. (2008) showed that the extraction rate of cottonseed oil increased with decreasing particle size of cottonseed flours. However, with further decrease in the particle size, the extraction of cottonseed oil was nearly constant. The optimum particle size for cottonseed was between 0.3 to 0.335 mm (Qian et al., 2008) . A similar result was stated by Lim et al. (2010) . They studied the effect of different particle size of Jatropha seeds on the oil yield. The results showed that the smaller particle size resulted more oil than larger particle size. According to Han et al. (2009) , the main reason for increasing oil yield by decreasing the particle size is because of the increase in the specific surface area of oilseed interacting with the solvent. The results showed that the hexane volume had a critical role on oil extraction although extraction by hexane was dependent on the particle size. The oil yield was increased with decrease in hexane volume from 200 ml to 100 ml when 70% ultrasound power was used (Fig. 2) . Figure 3 shows the relationship between the particle size and ultrasound power and solvent to solid ratio of 15:1. The solvent amount had significant effects on oil yield when ultrasound was applied. In the response surfaces trials, the lowest level of solvent to solid ratio was 10:1 and reducing the solvent to solid ratio increased the oil extraction rates. Additional experiments were conducted to determine the lowest solvent to solid ratio that can be used with ultrasonication. The three levels of solvent to solid ratio used in additional experiments were 4:1, 3:1 and 2:1 with ultrasonication of 30 min. Each trial was replicated twice and the measured yield values were averaged. Fig. 4 . shows the oil yield change with solvent to solid ratio. Reducing the solvent to solid ratio from 4:1 to 2:1 further increased the oil yield. Fig. 4 . Effect of solvent to solid ratio on oil extraction with ultrasonication.
Environmental Scanning Electron Microscope (ESEM) Results
Environmental Scanning Electron Microscope (ESEM) images for soybean flakes before and after extraction by Soxhlet and ultrasonication method are shown in Figures 5-7 . The surface morphology of the soybeans was changed after oil extraction. Fig. 6 . shows the changes on the soybean surface after 8 hr of Soxhlet extraction. Fig. 7 . shows the surface of the soybean flakes after 30 min of ultrasound-assisted oil extraction. The surface of the soybean flakes after Soxhlet extraction was brighter than the samples exposed to ultrasound-assisted oil extraction. This result was compatible with Li et al. (2004) who used electron microscopy images to monitor the effect of ultrasonication time on soybean flakes during oil extraction. They showed that the extended duration of ultrasonication could improve the oil yield (Li et al., 2004) . The ESEM results also verified our results on soybean oil extraction rate by ultrasonication. As mentioned in previous section, the ultrasonication effect was not found significant on oil yield. The duration of ultrasonication might be the main reason for nonsignificant effect of ultrasound on the oil yield.
Results of ultrasound-assisted biodiesel production from soybean oil
Results of ultrasound-assisted transesterification process for biodiesel production from soybeans is shown in Table 4 . The physical properties of biodiesel produced with ultrasound-assisted transesterification and mechanical stirring were within the ASTM standard range. High flash point of biodiesel produced by using ultrasonication (170 °C) was higher than the biodiesel produced using mechanical stirring (150 °C). Sulfur content of both soybean oil biodiesel samples was lower than the maximum standard value. Water content of both samples were higher than standard range. Ultrasonication produced higher biodiesel yield than the mechanical stirring. Table 4 . Properties of biodiesel produced using ultrasound and mechanical mixing.
Results of ultrasound-assisted in-situ transesterification of soybean oil
The effects of ultrasound power on fatty acid methyl ester production are shown in Table 5 . Increasing the ultrasound power from 70 % to 90 % with methanol to oil volumetric ratio of 25:1 increased the FAME yield from 83.9 % to 98.50 %. This value indicates that almost all of the oil available in soybeans was converted to biodiesel. Increasing the ultrasound power increased the biodiesel conversion rates. When 70 % ultrasound power was applied, the amount of linoleate acid (C18:2) in the total fatty acid composition was 49.88 %. This value increased to 56.83 % with 90 % of ultrasound power. Georgogianni et al. (2008) Table 5 . Fatty acid composition of biodiesel produced using ultrasound-assisted in-situ transesterification at methanol to oil volumetric ratio of 25:1 (ND: Not detected).
The effect of ultrasound power on FAME yield at different methanol to oil ratio are shown in Fig. 8 . In general, increasing the methanol to oil volumetric ratio, increased the biodiesel yield (Haas et al., 2004) . Also, increasing ultrasound power from 70 % to 90 % at different methanol levels showed significant effect on oil yield. At low ultrasound power levels, increasing the methanol to oil ratio from 15:1 to 25:1 increased the biodiesel yield from 80.96 % to 83.09 %. While at the same methanol to oil ratio, at high ultrasound power level, biodiesel yield increased from 85.92 % to 98.50 %. Catalyst concentration was kept constant for all trials. The statistical coefficient of determination showed a value of R²=0.96 with high ultrasound power level, while R²=0.64 with low ultrasound power level. Fig. 8 . Ultrasound effect on FAME yield at different methanol to oil ratio.
This value indicated that ultrasound power has high impact during in-situ transesterification of soybean oil with increasing methanol to oil ratio. Similar results were also reported by Qian et al. (2008) . The effect of ultrasound power on various methanol to oil ratio on oil to biodiesel conversion rate is shown in Fig. 9 . The figure shows that increasing ultrasound power increased the oil yield. The coefficient of determination factor had a value of R 2 =0.89 with high ultrasound power, whereas low power obtained R²=0.25. These results confirmed the lower ability of methanol on oil extraction without ultrasonication effect in comparison with other solvents or alcoholic mixtures. Similar results were reported on methanol effect during biodiesel production by (Kim et al., 2010; Qian et al., 2008) . Fig. 9 . Ultrasound effect on oil yield at different methanol to oil ratio.
Conclusions
In this study, oil extraction from soybeans and biodiesel production was performed using conventional and ultrasonication methods. The effects of ultrasonication, solvent to solid ratio and particle size on oil extraction from soybeans were investigated using response surfaces methodology. The results showed that ultrasound did not have a significant effect on oil extraction from soybean flakes, but particle size and hexane amount to solid ratio showed a significant effect on oil yield. Biodiesel production was performed by using ultrasound-assisted transesterification and in-situ transesterification methods. The results of in-situ transesterification showed that ultrasonication had a highly significant effect on biodiesel yield. The qualities of final biodiesel products were analyzed and the results showed that the physical properties of biodiesel produced with mechanical stirring and ultrasonication were within the ASTM standard ranges. Ultrasound power is an effective tool on in-situ transesterification during biodiesel production from soybeans. The future studies will include developing continuous in-situ transesterification systems that uses high intensity ultrasound for in-situ transesterification of soybean oil.
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